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S L ? Y  

The e f f e c t  o f  missile armament on the  performance of an in te rceptor -  i 
1 
-I > type a i r c r a f t  model has been determined a t  Mach numbers 1.5, 1 .7 ,  and 

1 .9  and at angles of  a t t ack  t o  19O. With t h i s  configuration missiles 
. w e r e  ca r r i ed  i n  a bay loca ted  on the  bottom of the  a i r c r a f t  fuselage and 

mounted t o  a ro t a t ab le  missile door. Rotation of t he  door then brought 
t h e  mis s i l e s  i n t o  the  ex terna l  or f i r i n g  posi t ion.  

The a i r c r a f t  model w a s  characterized by t r iangular -  shaped normal- 
shock i n l e t s  loca ted  a t  the  wing roots .  Relat ively shor t  and curved sub- 

much as t h e  missile bay extended considerably ahead of t he  i n l e t  s t a t ion ,  
r o t a t i o n  of  t h e  miss i le  door created considerable disturbance of t h e  
flow enter ing  the  inlets. 

c sonic d i f f u s e r s  fed  simulated twin side-by-side turboje t  engines. Inas- 

I n  comparison with the  i n t e r n a l  missile arrangement, t h e  ex te rna l  
missile configurat ions increased the  model l i f t ,  drag, and p i tch ing  
moment. While the  d i f fuser -ex i t  flow d i s to r t ion  and s t a t i c -p res su re  
f luc tua t ions  were not g rea t ly  affected,  d i f fuse r  to ta l -pressure  recovery 
w a s  reduced as much as 0.058 at Mach number 1.9 f o r  one missile 
configuration. 

The most detrimental  e f f e c t  of missile-door ro t a t ion  occurred at  
the  t r a n s i e n t  door posi t ions,  o r  with the door halfwzy between t h e  
miss i les - in  and -out conditions. A t  t h i s  door p s i t i o n  t h e  flow i n t o  
t h e  i n l e t s  w a s  h ighly asymmetrical. Although t h e  performance of  both 
l e f t  and r i g h t  ducts w a s  general ly  reduced, t he  i n l e t  duct on t h e  cavi ty  
side of t h e  mis s i l e  door w a s  most severely penalized, becoming unstable  

recovery l o s s e s  and increases  i n  flow d is tor t ion .  The i n s t a l l a t i o n  of 
fuselage fences along the miss i le  bay was only p a r t i a l l y  e f f e c t i v e  i n  
reducing these  losses .  

e a t  r e l a t i v e l y  low angles of a t t a c k  and with r e s u l t i n g  l a rge  pressure- 
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The ex terna l  t ransport  of s t o r e s  by a i r c r a f t  causes drag penal t ies  

An obvious method of e l iminat ing t h i s  drag penalty f o r  a 
and possible a i r c r a f t  t r i m  changes when t h e  s t o r e s  a re  dropped (e .g . ,  
ref. 1). 
missi le  c a r r i e r  i s  t o  house t h e  missiles i n t e r n a l l y  through the  cruise-  
ou t  phase of the f l i g h t  plan and t o  expose the  miss i les  ex terna l ly  f o r  
a r e l a t i v e l y  shor t  time during combat. 

In t h i s  inves t iga t ion  several  miss i le  configurations were housed i n  
a missile bay located on the bottom of an interceptor- type a i r c r a f t  fuse- 
lage.  The miss i les  were located on t h e  bay door, which w a s  r o t a t a b l e  
t o  bring the  miss i les  i n t o  f i r i n g  posi t ion.  This door extended consid- 
erably ahead of the i n l e t  s t a t i o n ,  so t h a t ,  with p a r t i a l  door r o t a t i o n  
o r  w i t h  the  missi les  i n  f i r i n g  posi t ion,  considerable obstruct ion t o  the  
flow entering the  i n l e t s  was possible.  

The primary purpose of these t e s t s  w a s  t o  determine the  e f f e c t  of 
t h e  missile-door r o t a t i o n  and various miss i le  arrangements on the  per- 
formance of the duct system. Limited drag, l i f t ,  and pitching-moment 
d a t a  were a l so  obtained. 

Tests were run i n  the  8- by 6-foot tunnel a t  the NACA Lewis labora- 
tory.  Data were obtained a t  Mach numbers 1.5, 1 . 7 ,  and 1.9 and a t  angles 
of a t tack to  19O. 

SYMBOLS 

A a rea  

AC 

Ai 

Aw 

CD drag coef f ic ien t ,  D / ~ ~ A ~  

CL l i f t  coef f ic ien t  , L/qo% 

CFl pitching-moment coef f ic ien t ,  M/q@$ 

C wing mean aerodynamic chord, 1.28 f t  

compressor-face area,  0.0789 sq f t  

i n l e t  t h r o a t  area, 0.0735 sq f t  

complete wing area,  5.76 sq f t  

- 

- 

D drag, l b  
4 
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L l i f t ,  l b  

M Mach number 

M pi tching moment, f t - l b  
- 

m/mo mass-flow r a t i o ,  PiVi+/poVoAi 

P t o t a l  pressure 

AI? difference between m a x i m u m  and minimum t o t a l  pressure at rake 
s t a t i o n  

AP/Pav d i s t o r t i o n  parameter 

rrr.n.: -+:-- -.c. -.L--l- - -e A n  cw IabIull b ~ a ~ c  pressure a t  pressure transducer 

Ap/pav 

9 dynamic pressure, lb/sq f t  

V veloci ty ,  f t / sec  

W weight flow, lb/sec 

duct s t a t i c -  pressure- f l u c  tuat ion parameter 

Y height normal t o  fuselage surface 
.. 

CLa angle of a t t a c k  of fuselage,  deg 

B missile-door posi t ion,  deg 

6 r a t i o  of t o t a l  pressure t o  NACA standard sea- level  pressure 

e r a t i o  of t o t a l  temperature t o  NACA standard sea-level 
temperature 

P densi ty  of air, slugs/cu f t  

Subscripts : 

av aver age 

f with fuselage fences 

i i n l e t  t h r o a t  

2 l o c a l  

0 free stream 

2 compressor-inlet s t a t i o n  
CONFIDENTIAL 
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APPARATUS AND PROCEDURE 

Model 
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A schematic drawing of the  a i r c r a f t  model t e s t e d  i s  presented i n  
f igu re  1. A i r  t o  two simulated tu rbo je t  engines w a s  supplied through 
separate  ducting by normal-shock wing-root i n l e t s .  The i n l e t s  were 
s ized  fo r  t ransonic  c ru i se  conditions;  and, s ince  no bypass system w a s  
provided, s u b c r i t i c a l  i n l e t  operat ion r e su l t ed  a t  supersonic speeds. 
The i n l e t s  were provided with a conventional fuselage boundary-layer- 
removal system cons is t ing  of  an open-nose wedge d i v e r t e r  beneath t h e  
s p l i t t e r  p l a t e .  A i r  taken on board through the  d i v e r t e r  system w a s  i m -  
mediately returned t o  the  f r e e  stream by means of  an e x i t  on the  bottom 
of the  fuselage.  

* 
b 
b 
Q 

A s  indicated,  t h e  model included a port ion of the  configurat ion 
wing. 
fuselage cen te r l ine .  The mis s i l e  bay w a s  loca ted  on the  bottom of  the  
fuselage ahead of the  i n l e t  s t a t i o n .  Miss i les  of the  types shown i n  
f igu re  2 were mounted t o  t h e  m i s s i l e  bay door, which w a s  r o t a t a b l e  t o  
b r ing  the miss i les  i n t o  the  ex terna l  f i r i n g  pos i t ion .  

The incidence of the wing-chord plane w a s  1' with respec t  t o  the  

Photographs of  t he  model with var ious m i s s i l e  arrangements and door 
posi t ions a r e  presented i n  f igu re  3. For convenience, a t a b l e  of con- 
f igura t ions  i s  l i s t e d  i n  f igu re  4, which schematically shows cross  sec- 
t i o n s  through the  model a t  the  missile bay sec t ion  f o r  t yp ica l  armament 
and door ro t a t ions .  L 

Figure 3 (a),  a photograph of the configurat ion schematically shown 
i n  f igu re  1, represents  the  condition of i n t e r n a l  mi s s i l e  s torage .  The 
f a i r i n g s  on the  mis s i l e  door a r e  covers f i t t i n g  over t he  mis s i l e  f i n s .  
This photograph then represents  t he  Al,f configurat ion a t  p of 0'. 
Without the mis s i l e  f i n  covers and fuselage fences the  configurat ion 
would be i d e n t i c a l  t o  f+,. The same mis s i l e  arrangement bu t  with m i s -  
s i les ro ta ted  180' t o  the  f i r i n g  pos i t ion  i s  ind ica ted  i n  f i g u r e  3 ( b ) .  

I n  order to  r o t a t e  t he  mis s i l e  door so t h a t  t he  mis s i l e s  a re  put  i n  
f i r i n g  posi t ion,  t h e  door must pass through the  intermediate  pos i t i on  
indicated i n  f i g u r e  3 ( c ) .  
shown i n  f igu re  4(a) .  

The d i r ec t ion  of mis s i l e  door r c t a t i o n  i s  

The a l t e r n a t e  m i s s i l e  arrangement using type I1 miss i les  i s  shown 
i n  f igures  3(d)  and 4 (c ) .  
t e s t e d  only  with the  missiles i n  the f i r i n g  pos i t i on  (fi 

For t h i s  missile arrangement the  model w a s  
of 180'). 

The va r i a t ion  of d i f fuse r  f l o w  a rea  f o r  one duct i s  presented i n  
f igu re  5. The s l i g h t  i n t e r n a l  cont rac t ion  from the  i n l e t  l i p  t o  the  
in l e t - th roa t  s t a t i o n  i s  neglected i n  t h i s  f i gu re .  

CONFIDENTIAL 
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The balance ( f ig .  l), with balance center  a t  fuselage s t a t i o n  48.39 
and water l i n e  9.38, measured two l if t  components and one drag component. 
I n t e r n a l  forces  and base pressures were subtracted from the  balance read- 
ings so t h a t  l i f t  and drag coef f ic ien ts  represent  ex terna l  forces  only. 
The center  of moments w a s  taken at s t a t ion  49.27, or at 28.57 percent of 
the  wing mean aerodynamic chord. All force coe f f i c i en t s  were based on 
the  complete wing area of 5.76 square f e e t ,  although the  tests w e r e  run 
with the  s tub wing. Force results therefore do not represent  absolute  
a i rp lane  forebody values but are useful i n  determining force-component 
changes with various missile arrangements. 

Instrumentation 

Duct to ta l -pressure  recovery w a s  determined with area-weighted 
P i t o t - s t a t i c  rakes at fuselage s t a t i o n  50.09 i n  both l e f t  and r i g h t  
ducts.  I n l e t  mass flow w a s  remotely varied with e x i t  plugs and w a s  cal-  
culated from s ta t ic -pressure  measurements a t  s t a t i o n  61.39 assuming 
choked conditions a t  the  e x i t  plugs. Signals from pressure transducers 
w e r e  photographed on f i l m  f o r  determination of duct i n s t a b i l i t y .  These 
transducers were located on the  inboard duct w a l l s  ( f i g .  1). 

Flow conditions ahead of the i n l e t  and a t  the  i n l e t - t h r o a t  s t a t i o n  
w e r e  determined with the instrumentation shown i n  f i g u r e  6. The fuselage 
boundary layer  and the  f l o w  ahead of the inlet  f ace  w e r e  determined with 
rakes and wedge bars ,  respect ively,  ahead of the  l e f t  s ide  inlet .  Simul- 
taneous flow surveys a t  the  throa t  of the i n l e t  were determined by rakes 
mounted i n  the r i g h t  i n l e t .  The boundary-layer rakes and wedge ba r s  
w e r e  mounted on ro t a t ab le  pads. 
maintain flow attachment on the  wedge bars as t h e  model angle-of-attack 
range w a s  changed. 

Rotation of  the  pads w a s  necessary t o  

Procedure 

With a given missile arrangement, the  model w a s  run through t h e  
range of angle of a t tack,  door posit ion,  and Mach number. A l l  d a t a  re- 
ported herein were taken f o r  corrected engine weight flows corresponding 
t o  35,000-feet a l t i t u d e  for a current  two-spool t u rbo je t  engine oper- 
a t ing  a t  m i l i t a r y  power. Inlet  mass flow is  not used as a p l o t t i n g  var i -  
able i n  t h i s  repor t .  However, the i n l e t  mass flow f o r  any da ta  point  
may be obtained from f igure  7,  which presents t h e  r e l a t i o n  between duct 
ove r -a l l  pressure recovery and i n l e t  mass-flow r a t i o  at  the  engine match 
conditions.  This mass-flow r a t i o  represents t he  r a t i o  of  the  i n l e t  mass 
flow t o  the  m a s s  flow through an area equivalent t o  the  i n l e t - t h r o a t  
a rea  at free-stream conditions, o r  

- m =r P i v i f i  
m~ poV&i 

CONFIDENTIAL 
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Owing to excess model blockage at angle of attack, tests could not be 
conducted at Mach 1.5 at angles of attack greater than about 10'. Force 
data were obtained only for angles of attack up to 8' because of balance 
failure. Owing to the asymmetric flow conditions at partial door rota- 
tions, the missile door was rotated through 360' to complete the survey 
of the flow conditions at the inlet. 

4 

RESULTS 

Force Measurements 

tb w w 
0) 

Effects of missile armament and missile-door rotation on model 
force and moment coefficients are summarized in figure 8. In comparison 
with the unarmed vehicle b, all armament additions caused noticeable 
increases in model lift and drag forces. The drag coefficient was in- 
creased as much as 0.009 and the lift coefficient as much as 0.030 by 
door rotation from the missile-in condition in the angle-of-attack range 
investigated. (Force components for the A2 configurations were not 
appreciably different from those for the A1 configuration at f3 of 
180' and therefore are not presented.) 
addition of the missile covers to the door (configuration 
p = 0' compared with 

It will be noted that even the 
A1 at 

&) caused some drag and lift increases. 

Nose-up pitching-moment increases were small, and it appears that 
changes in static pitching stability d%/dCL would be small for any of - 
these armament configurations. 

Effect of Armament on Inlet-Duct Performance 

The duct performance of all configurations is summarized in figures 
9. Performance parameters include the over-all duct pressure recovery, 
flow distortion at the compressor inlet, and the duct static-pressure 
fluctuation, each plotted as a function of angle of attack. Data for 
the A1 
plotted against door position f! in figure 10. 

configuration for which the missile door was rotated are cross- 

There was usually some flow dissimilarity between left and right 
ducts even when the configuration was symmetrical. This dissimilarity 
was particularly noticeable at Mach number 1.9 for p = 0' (fig. 9(e)). 
An examination of the model revealed no significant differences between 
the left and right ducts, and hence the reasons for this dissimilarity 
are not known. m 

It will also be noted in figures 9 and 10 that occasionally the 
static-pressure fluctuations are shown by dashed curves. These represent 

CONFIDENTIAL 
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ex t rapola t ions  a t  low values of the  parameter f o r  which no da ta  were 
taken. 

An examination of the  da ta  of f igure  9 ind ica t e s  t h a t ,  general ly ,  
f o r  symmetrical ex terna l  flow conditions (B = 0' or  180°), t h e  duct per- 
formance parameters var ied only s l i g h t l y  f o r  angles of a t t a c k  up t o  about 
11' or  12'. 
dropped r ap id ly  while t he  d i s t o r t i o n  and s t a t i c -p res su re  f l u c t u a t i o n  
increased. When the  miss i le  door w a s  a t  90°, t he  angle of a t t ack  at 
which the  duct performance suddenly de te r iora ted  (he rea f t e r  termed the  
c r i t i c a l  angle of a t t ack )  w a s  reduced. For example, at Mach 1.7 f o r  
t he  A1 

2' f o r  t h e  r i g h t  duct and about 6' f o r  the  l e f t  duct ( f ig .  9 ( c ) ) .  A t  
Mach number 1.9 a s i m i l a r  comparison gives about a 7O decrease f o r  the  
r i g h t  duct and about 11' f o r  the  l e f t  d u c t .  (fig, 9( f ) )  In .rddFtinnj 
at Mach 1.9 the  l e f t  duct operated a t  considerably lower recovery than 
the  r i g h t  duct. Examination of f igure  4 shows t h a t  f o r  f3 = 90° t h e  
miss i les  were next t o  the  r igh t - s ide  inlet, and the  cav i ty  caused by 
door r o t a t i o n  w a s  on the  l e f t  side.  Hence, t he  i n l e t  on the  cav i ty  s i d e  
of the  missile door w a s  more severely penalized by missile-door ro t a t ion .  

For l a r g e r  angles of attack, however, the  i n l e t  recovery 

configuration, t he  c r i t i c a l  angle of a t t a c k  w a s  decreased about 

For angles of a t t ack  l e s s  than the c r i t i c a l  values the  d i f f e rences  
i n  duct performance between the  various mis s i l e  configurat ions f o r  p 
of 0' were general ly  s m a l l ,  s ince  ex terna l ly  the  configurat ion w a s  
changed only by the  addi t ion  of missi le  f a i r i n g  covers o r  fuselage 
fences.  The pecul ia r  r ight-duct  performance at  Mach 1 .9  i s  an exception 
t o  t h i s  general  observation. With the miss i les  r o t a t e d  i n t o  f i r i n g  po- 
s i t i o n  (p = 180') a considerable difference i n  the  duct t o t a l -p re s su re  
recovery w a s  noted between configurations,  although again the re  were no 
major changes i n  d i s t o r t i o n  l e v e l  or s ta t ic -pressure  f luc tua t ions .  The 
l e a s t  loss of pressure recovery (about 0.01) i n  comparison with t h e  un- 
armed configurat ion occurred with configuration A2 (see f i g s .  9(d) and 
( g ) ) .  For configurations A1 o r  A1,f these  pressure-recovery l o s s e s  
were as high as 0.034, 0.046, and 0.058 at Mach numbers 1.5, 1 .7 ,  and 
1.9, respec t ive ly  ( f igs .  9 (a) ,  (d), and (g)) . 

c 

For angles of  a t t ack  g rea t e r  khan the  c r i t i c a l  values,  l a r g e  d i f -  
ferences i n  duct pressure recovery, d i s to r t ion ,  and buzz occurred among 
armament configurations.  The r e s u l t s  showed very l i t t l e  consistency. 
A t  Mach 1 . 7  f o r  p = 0' ( f ig .  9(b)) the addi t ion  of fuselage fences  in-  
creased t h e  c r i t i c a l  angle of a t t a c k  from 11' or  12' t o  about 15' or  16'. 
For 
detr imental  ( f ig .  9 ( d ) ) .  A t  the  t r ans i en t  door pos i t i on  o f  90° t h e  fuse- 

of t he  l e f t  i n l e t  at  the  higher angles of a t t a c k  but  proved incans i s t en t  
i n  reducing the  s t a t i c -p res su re  f luc tua t ions  ( f ig s .  9 (c)  and ( f ) ) .  

p of  180' t he  use of fuselage fences w a s  e i t h e r  i n e f f e c t i v e  o r  

. l age  fences improved somewhat t he  pressure recovery and flow d i s t o r t i o n  

0 

CONFIDENTIAL 
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The e f f e c t s  of door r o t a t i o n  on duct performance may be more e a s i l y  
observed i n  f i g u r e  10, where t h e  previous data a re  r ep lo t t ed  aga ins t  
door posi t ion f3 f o r  configurat ion A1. (Data f o r  intermediate door 
posi t ions at Mach 1.5 previously omitted a re  included i n  these  p l o t s . )  
I n  general, the  e f f e c t  of door pos i t ion  on duct performance increased 
as the  Mach number and angle of a t t a c k  increased. The intermediate door 
posi t ion of  90°, i n  general ,  produced the  l a r g e s t  flow d i s t o r t i o n s  and 
s ta t i  c- pressure f luc tua t ions .  

A t  angles of a t t a c k  below 11' t h e  flow d i s t o r t i o n s  and s t a t i c -  
pressure f luc tua t ions  f o r  missi les-out  were not g rea t ly  d i f f e r e n t  from 
the  miss i les - in  r e s u l t s .  The duct pressure recoveries ,  however, were 
cons is ten t ly  lower f o r  t he  missi les-out  data .  

d 
0 
0 
0 

Fuselage Boundary-Layer Survey 

I n  an attempt t o  understand some of the  foregoing r e s u l t s ,  t h e  flow 
immediately ahead of the  l e f t  i n l e t  w a s  surveyed with t h e  instrumentation 
of f igure  6. 
be asymmetrical, and hence t h e  r e s u l t s  apply t o  the  flow enter ing  e i t h e r  
i n l e t .  
da t a  f o r  t he  cavi ty-s ide inlet .  A corresponding door pos i t i on  of f3 of 
270° w a s  therefore  t e s t e d  i n  order  t o  determine the  flow conditions 
ahead of t h e  miss i le -s ide  i n l e t .  Typical to ta l -pressure  p r o f i l e s  and 
flow def lec t ion  angles immediately ahead of the  inlet  a re  presented i n  
f igu res  11 and 1 2  f o r  t he  
Occasionally t h e  d a t a  a re  extrapolated a t  t he  l a rge r  angles of a t t ack .  
These extrapolat ions represent  conditions f o r  which at tached supersonic 
wedge flow da ta  w e r e  not obtained. 

For door pos i t ions  of 0' o r  180' the  flow w a s  assumed t o  

For the  door pos i t ion  of 90°, however, t he  flow survey represents  

A1 configurat ion f o r  severa l  door pos i t ions .  

An examination of the  to ta l -pressure  p r o f i l e s  of f i gu re  11 ind ica t e s  
l a r g e  differences i n  t h e  v i c i n i t y  of t he  fuselage surface due t o  missi le-  
door ro ta t ion .  
thickened not iceably on the  cavi ty  s ide  of  t h e  door, with t h e  r e s u l t  t h a t  
l a r g e r  amounts of boundary l aye r  entered the  i n l e t s .  (The approximate 
boundary-layer s p l i t t e r - p l a t e  height  i s  indicated on t h e  ord ina te  of 
f i g .  11.) The e f f e c t s  of  door r o t a t i o n  on t h e  missi le-s ide i n l e t  pro- 
f i l es ,  however, were r a the r  s m a l l  by comparison f o r  t he  range of angle 
of a t t ack  s tudied.  This thickening of  t h e  fuselage boundary l aye r  on 
the  cavity-side i n l e t  therefore  p a r t i a l l y  explains  i t s  reduced perform- 
ance. Somewhat t h i cke r  boundary l a y e r s  were a l so  measured f o r  P of 
180' i n  comparison with the  0' door p s i t i o n ,  p a r t i c u l a r l y  a t  high angles 
of  a t tack.  The p ro f i l e s  f o r  configurat ion & were e s s e n t i a l l y  the  .) 

same as f o r  A1 a t  f3 of 0' and hence a re  not presented. 

When the  miss i le  door w a s  r o t a t ed  90' t he  boundary l aye r  

CONFIDENTIAL 
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Typical l o c a l  flow deflect ions a t  the  inlet  s t a t i o n  are presented 
i n  f igu re  1 2  f o r  Mach numbers 1 . 7  and 1.9.  The da ta  show tha t ,  i n  gen- 
e r a l ,  the  l o c a l  flow deflect ion increased more rap id ly  than the  angle 
of  a t tack .  
highest  flow def lec t ions  w e r e  measured cons is ten t ly  with the  lower wedge 
ba r .  A s  with the  total-pressure prof i les ,  l a rge  differences i n  flow de- 
f l e c t i o n s  w e r e  noted between the various configurations,  the l a r g e s t  
def lec t ions  being observed w i t h  the  B of 90' configuration. 

(This i s  a typ ica l  r e s u l t  of crossflow.) I n  addition, the  

I Local Mach ntunbers ahead of t h e  i n l e t  were cons is ten t ly  lower than 
I t h e  free-stream values. Average Mach number decrements were about 0.05 

and 0.10 at  Mach numbers 1 . 7  and 1.9,  respectively.  
number reduction occurred with the  180' door posi t ion,  while the  l a r g e s t  
reduction occurred on the cavi ty  s ide  for  90' door ro ta t ion .  
as these da t a  do not assist i n  analyzing the  results, they have not beel, 

The least Mach 

Inasmuch 

1 

I plo t ted  f o r  t h i s  report .  

Total-Pressure Contours a t  I n l e t  Throat and Diffuser Exi t  

Typical to ta l -pressure  contours at the  i n l e t  t h roa t  and compressor- 
i n l e t  s t a t i o n  are presented i n  f igu re  13 f o r  the  configuration at  
Mach number 1 . 7 .  Although da ta  f o r  the two rake s t a t i o n s  were not taken 
simultaneously, each set of da ta  represents very near ly  the  same in le t  
operat ing condition. 

A1 

c Data are presented f o r  door posit ions of Oo, 90°, and 180' f o r  
angles of a t t ack  from Z0 t o  19O. A t  low angles of a t t ack  the  lowest 
t o t a l  pressure at the inlet  th roa t  w a s  measured on the inboard inlet  
s ide  about halfway between the  upper and lower inlet  corners. This re- 
s u l t  is  believed t o  be due t o  the thicker fuselage boundary l aye r  i n  
t h i s  loca t ion  (see f i g .  11). A s  the  angle of a t t ack  w a s  increased, t he  
general  l e v e l  of recovery at the  throat began t o  decrease, with a very 
rap id  decrease occurring i n  the  lower inboard corner. For f3 of Oo the  
lower inboard corner had completely f i l l e d  with separated a i r  f o r  angles 
of a t t ack  grea te r  than 11'. Similar r e s u l t s  were observed f o r  t h e  o ther  
door posi t ions,  although the  angles of  a t tack  at which the  flow separa- 
t i ons  occurred w e r e  considerably lower for  door pos i t ion  90'. 
rence of t h i s  separat ion a t  the  i n l e t  th roa t  may l o g i c a l l y  be assumed t o  
be the  cause of the  pressure-recovery losses and l a rge  increases  i n  d is -  
t o r t i o n  previously noted at  the  compressor Inlet. 

The occur- 

The breakdown of i n l e t  performance a t  the  higher angles of a t t ack  
may thus be  r e l a t ed  t o  a flow breakaway i n  the lower inboard corner of 
t he  inlet .  This conclusion i s  i n  agreement with the flow survey da ta  
of f igu re  12, which showed l a rge  f l o w  def lect ions with the  lower survey 
rake. The addi t ion of missiles t o  the  lower s ide  of t h e  fuselage ap- 
pears t o  aggravate t h i s  condition by increasing the  amount of boundary 

c 
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l a y e r  enter ing the  i n l e t s  ( f i g .  11) and by increas ing  the  l o c a l  flow 
deflect ions.  It i s  not c l ea r ,  however, why t h e  fuselage-fence config- 
ura t ion  (Al,f)  w a s  not cons is ten t  i n  improving t h i s  condi t ion.  

Concluding Remarks 

The breakdown of performance f o r  t he  unarmed configurat ions a t  high 
angles of a t t ack  appears t o  r e s u l t  from adverse e f f e c t s  of  body cross-  
flow, which caused separat ion a t  the  i n l e t  t h r o a t .  Redesign of  t h e  
lower inboard l i p  o r  the  use of boundary-layer suc t ion  i n  t h i s  region 
could f eas ib ly  improve the  performance a t  high angles of a t t ack .  

The most severe performance pena l t i e s  occurred f o r  t he  intermediate  
missile-door pos i t ion  (p = 90'). 
ro t a t ed  on an ac tua l  a i rp lane  from the  miss i les - in  t o  the  missi les-out  
condition i n  a matter of seconds, the  t r u e  import of these  performance 
penal t ies  cannot be evaluated herein.  The m o s t  se r ious  r e s u l t  of 
missile-door r o t a t i o n  on a t a c t i c a l  a i rp l ane  would be the  p o s s i b i l i t y  of 
engine surge o r  stall due t o  t h e  poor flow p r o f i l e s  en ter ing  the  com- 
pressor,  causing af terburner  blowout. Such an evaluat ion could be 
car r ied  out  only by f l i g h t  t e s t i n g .  

Inasmuch as the  miss i le  door may be 

The da ta  se lec ted  t o  be presented were obtained f o r  corrected engine 
weight flows corresponding t o  an a l t i t u d e  of 35,000 f e e t ,  r e s u l t i n g  i n  
s u b c r i t i c a l  i n l e t  operation. Actually,  t e s t  data were taken f o r  a 
range of weight flows bracket ing the  des i red  values.  It w a s  cons i s t en t ly  
observed t h a t  the  c r i t i c a l  angle of a t t ack  w a s  increased as the  cor rec ted  
weight flow w a s  increased ( inlet  operat ing a t  higher mass-flow r a t i o ) .  
This r e s u l t ,  then, ind ica tes  a t  l e a s t  two poss ib le  methods of reducing 
the  observed e f f e c t s  of missile armament on the  duct performance: (1) 
the  use of smaller i n l e t s  o r  ( 2 )  the  use of a bypass ahead of t he  com- 
pres  sor stat  ion. 

SUMMARY OF RESULTS 

The e f f e c t s  of missile armament on the  performance of an in te rceptor -  
type a i r c r a f t  have been determined a t  Mach numbers 1.5, 1 . 7 ,  and 1 .9  
and a t  angles of a t t ack  t o  19'. 
normal-shock wing roo t  i n l e t s  feeding twin t u r b o j e t  engines through 
r a t h e r  shor t  and highly curved subsonic d i f fuse r s .  For t h i s  configura- 
t i on ,  missiles were ca r r i ed  i n t e r n a l l y  i n  a missile bay loca ted  on the  
bottom of the  fuselage,  which extended considerably ahead of the  i n l e t s .  
Rotation of the mis s i l e  door through 180' then brought t he  missiles i n t o  
f i r i n g  posi t ion.  

The a i r c r a f t  w a s  character ized by 

n 
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t 

A l l  d a t a  were taken f o r  corrected engine weight flows corresponding 
t o  a 35,000-foot a l t i t u d e  f o r  a current two-spool engine operat ing a t  
m i l i t a r y  power. The e f f e c t s  of missi le  armament and door pos i t ion  may 
be summarized as follows: 

1. With t h e  clean o r  unarmed airplane,  operat ion at angle of  a t t ack  
Beyond t h i s  range t h e  inlets w a s  genera l ly  l imi ted  t o  about llo or 12'. 

became unstable  and duct pressure recovery decreased rap id ly  while flow 
d i s t o r t i o n  increased rapidly.  This sudden decrease i n  performance 
appeared t o  be associated with t h e  onset of  flow separat ion a t  t h e  i n l e t  
t h roa t .  

2. When the  miss i le  door w a s  rotated so t h a t  t he  missiles were ex- 
t e rna l ,  duct d i s t o r t i o n  and flow f luc tua t ion  a t  angle of a t t ack  were 
changed only s l i g h t l y  from t h e  clean configuration. Duct pressure re- 
covery w a s  reduced, nowever, as much as 0.058 f o r  one missile config- 
u ra t ion  at Mach number 1 .9 .  The l e a s t  change i n  pressure recovery w a s  
about 0.01 with another configuration. 

3. The l a r g e s t  performance losses  occurred when t h e  missile door 
w a s  posi t ioned halfway between t h e  missi les- in  and missiles-out con- 
d i t i ons .  With t h i s  door loca t ion ,  flow i n t o  the  i n l e t s  was asymmetrical. 
Although t h e  performance of both ducts w a s  general ly  reduced, t h e  inlet 
duct on the cavi ty  side of the miss i le  door w a s  most severely penalized. 
Rotation of the  miss i le  door caused the cavi ty-s ide i n l e t  t o  become un- 
s teady a t  r e l a t i v e l y  low angles of attack, with r e s u l t i n g  l a rge  pressure- 
recovery drops and increases  i n  flow. d is tor t ions .  The i n s t a l l a t i o n  of 
fuselage fences reduced these e f f e c t s  o n l y  s l i g h t l y .  

4. I n  general ,  r o t a t i o n  of the  missi le  door increased t h e  drag, 
l i f t ,  and pi tching moment of t he  configuration. The drag coe f f i c i en t  
w a s  increased as much as 0.009 and the  l i f t  coef f ic ien t  as much as 0.030 
f o r  t h e  intermediate o r  missiles-out configuration i n  comparison with 
the  clean airplane.  

Lewis  F l i g h t  Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, January 18, 1957 
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Same a s  f i g s .  $a) ,  
(b), and ( c )  with 
exception of fuse- 
lage fences 
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00, goo, 
180°, 270' 

0 (b) Armed Al,f; p = 180 . 

Figs. 3 (a) ,  (b), 
and ( c )  

0 ( a )  Unarmed Ao; p = 0 . 

( c )  Armed A2; p = 180'. 

Configuration 

AO 
( f i g .  4 (a) )  

A 1  

Description 

Unarmed clean 
configuration 

2 Type I m i s -  

2 missile fin 
siles ( f i g .  2 (a ) ) ;  

covers on out- 
s ide of m i s -  
s i l e  door 

3 Type I1 m i s -  
siles (fig.  2(b)) 

Same a s  AI, fuse- 
lage fences added 

15 

Photograph 

Same a s  f i g .  3(a) 
but without missile 
f i n  covers 

180° only 1 Fig. 3(d) 

Figure 4. - Missile arrangements and door posi t ions.  
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Free-stream Equivalent 
Mach number, weight flow, 

MO 

.5 .6 .7 .8 .9 
. 6 0 L L  

Mass-flow ra t io ,  ID/% 

4- 

1.0 

30.0 
33.6 
36.6 

Figure 7. - Variation of m a s s - f l o w  r a t i o  with pressure recovery f o r  35,000-feet 
a l t i tude.  Matching airflow. (Mass-flow r a t i o  based on throat area.) 
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Configuratlon 
0 Unarmed A. 1 
0 Armed A 1  

-- Extrapolated 

' I /  / / /  

i 17 

Missile-door 
.10 r- 

.05 

I _ _ -  - 
0 

-.I .20 , , 

I 
Missile-door 

0 w :  I 

. 9 ?  

4 fi 4 8 
.88 

Fuselage angl? of a t t a c k ,  a,, deg 

(a) Free-stream Mach number, 1.5. (Ap/pav = static-pressure fluctuation; AP/Pav = total- 
pressure distortion; PIP0 = total-pressure recovery .) 

Figure 9. - Performance sununary of all configurations. 
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. U' 

.El; 

.7 t  

. 7 r  

.7 (  

Armed A 

0 Armed A 

Fuselage angle ,f 

(b) Free-stream Mach number, 1.7; missile-door position, oo. 

Figure 9. - Conthued. Performance summary of all configurations. 
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[3 Armed A 1  

0 Armed A l , f  II 
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Configuration I 

4 8 12 16 20 -- 0 
meiige angle of attack, 5, dCg 

(d) Free-atream M c h  number, 1.71 missile-door position, 180'. 

Figure 9. - Continued. Performance s-y of a l l  configurations. 
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.7 

.7 

.7  

.6 

.6 
0 4 12 

Configuration 

0 Unarmed n, 
0 Armed A1 
0 Armed Al,f 

Extrapolated 

0 I 8 12 16 
Fuselage angle of attack, ab, deg 

(e) Free-atream Mach number, 1.9; missile-door position, 0'. 

Figure 9. - Continued. Performance summary of all configurations. 
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( f )  Free-s t ream Mach number, 1 . 9 ;  m i s s i l e -door  p o s i t i o n ,  SOo. 

Figure  9 .  - Continued. P e r f o r r m c e  summary of a l l  conf igu ra t ions .  
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(9) Free-stream Mach number, 1.9; missile-door position, 180'. 

Figure 9. - Concluded. Performance summary of all configurations. 
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(a) Fuselage angle of attack, Z 0 .  (b) Fuselage angle of attack, 5'. 

F i g w  10. - Performance summary of armed configuration A 1 .  
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.80 

.60 

.40 

.20 

0 

0 45 90 135 180 
Lon. B. deg 

( d )  h a e l a g e  angle of a t tack ,  1l0. 

Figure 10. - Continued. Performance summary of armed configuration AI. 
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(e) Fuselage angle of attack, 14' (f) Fuselage angle of attack, 19O. 

Figure 10. - Concluded. Performance summary of armed configuration AI. 
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( b )  M l s s i l e - d c o r  ; l o s i t i o n ,  90' ( c a v i t > - s i c i e  inlet). 

rl.ilre 11. - T , - t a l - p r e s s u r e  Profiles h t  i n l e t  station for c o n f i   tion on Al. Free-s t ream Maci, number, 
1 . 1 .  
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Instrumentation 

Boundary-layer t 0 tal -pres sure rat io, PI /Po 

(d) Missile-door pOSitlOn, 2703 (missile-side inlet). 

Figure 11. - Concluded. Total-pressure profiles at inlet station for configuration A1. Free-stream 
Mach number, 1.1. 
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